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The Sac Shrinking Process after EAR does not start Immediately
in Most Patients
M. Prinssen and J. D. Blankensteijn
Department of Vascular Surgery, University Medical Center, Utrecht, The Netherlands
Objective: the aim of this study was to determine the pattern of shrinkage after endovascular aneurysm repair (EAR)
using logarithmic, exponential and linear models and to calculate a lag time is present.
Patients and Methods: patients with a complete CTA follow-up of 2 years and a primary shrinking aneurysm were
included, resulting in a study group of 29 patients. Six functions, logarithmic, exponential and linear, all with and
without lag time, were fitted to the thrombus volume obtained from measurements postoperative and after 6, 12 and 24
months. The correlation coefficient was used to determine the association between the calculated and measured values. A
correlation coefficient >0.95 was considered a good fit.
Results: a logarithmic model produced the best fits. From the 29 patients, two patients could not be described by any
model. The remaining 27 patients could be fitted using a logarithmic function with a correlation coefficient of >0.95
(median 0.99, range 0.95–1.00). Twenty-two of these patients had a lag time (median 63.4 days, range 5.8–252.3). Only
five of the initial 44 patients (11%) showed immediate sac shrinkage.
Conclusion: almost all shrinkage processes could be described by a logarithmic function. In over 75% of patients a lag
time to shrinkage could be calculated. In only a small proportion did the shrinking process start immediately after EAR.
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Introduction Volume measurements and in particular meas-
urements of the thrombus volume (TVol) have been
After endovascular aneurysm repair (EAR) shrinkage shown to be more sensitive to size changes than meas-
of the aneurysm sac is the most important indicator urements of the maximal aneurysm diameter.6,7
of a successful exclusion.1–3 The underlying mechanism To elucidate the process of sac shrinkage, it maybe
of this process is still unknown. If an aneurysm sac is worthwhile to study patterns in the sac volume versus
not completely excluded from the arterial circulation, time curves. Common practice is to calculate size
the pressure within the aneurysm sac will still be change per interval as a proportion of the postoperative
higher than the intra-abdominal pressure and therefore diameter or volume. This assumes a linear shrinking
the aneurysm can be expected to continue to grow. process. However, many natural breakdown processes
On the other hand, if an aneurysm is completely are not at all linear. Decline processes in nature can
excluded, it will be depressurised. This means that the often be described by exponential functions, for ex-
pressure in the aneurysm sac will drop to the value ample the decay of radioactive isotopes or gastric
of the intra-abdominal pressure.4 In these cases, a emptying. For this reason, it is likely that the shrinkage
decrease in sac volume is observed. Still, the reasons of an aneurysm sac can also be described in this way.
for this and the mechanisms behind it are not yet Hypothetically, clearance of the thrombus could also
understood. In an earlier study we found no correlation be a logarithmic decline. Not all aneurysm sacs start
between the amount of preoperative thrombus or the to shrink immediately after EAR. This corresponds
aneurysm size and the rate of sac shrinkage after EAR.5 with the clinical situation of delayed closure of en-
Probably, the shrinkage is a multifactorial process. doleaks, for instance due to the delayed occlusion of
the lumbar arteries.8 Such a delay in the shrinkage
process can be modeled in the fit functions by in-
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shrinkage after EAR using logarithmic and exponential
models and to calculate a lag time if present.
Patients and Methods
Patients with a complete follow up of 24 months were
identified. From January 1994 until March 1999, 58
patients underwent endovascular aneurysm repair for
an abdominal aortic aneurysm at the University Med-
ical Center Utrecht using the EVT/Ancure (Guidant,
Menlo Park, CA, U.S.A.) endograft. The aneurysms
under consideration were all restricted to the ab-
dominal aorta. Spiral computed tomographic angio-
graphy (CTA) was performed on all patients at
discharge, 6 months, 12 months, and yearly thereafter.
Volume measurements were performed using three-
dimensional postprocessing on a graphical work-
station (EasyVision⊂, release 4, Philips Medical Sys-
tems, Best, The Netherlands).
In the first postoperative year, there were five un-
related deaths, six conversions, and three patients were
lost to follow up, resulting in a group of 44 patients
with a complete CTA follow up of two years. As the
shrinking process was the focus of our analysis, only
patients with a primary shrinkage of the aneurysm
sac after 12 months were included in this study. A
‘‘shrinking sac’’ was defined as an aneurysm sac of
which the thrombus volume decreased by 10% or
more. In 15 of the 44 patients the aneurysm sac was
not spontaneously shrinking at the 1-year follow-up
visit, resulting in a study group of 29 patients. Fig. 1. (a) Linear with lag time, (b) Exponential with lag time, (c)
Logarithmic with lag time.The evolution of the shrinkage process during the
first two postoperative years can be approximated by
a number of volume versus time curves. If the clearance
is the decay constant. In this case, the rate of decayof thrombus is considered to be a process of linear
(in ml per unit time) is proportional to the thrombusbreakdown, this decline can be described by the fol-
volume at any time t.lowing function:
A third approach is to describe the shrinkage process
by a logarithmic function:TVol (t)=a·t+V0,
TVol (t)=a·Ln(t)+b, t>0.in which TVol(t) is the thrombus volume at the time
t (in months) since the operation and V0 represents
Again, with t in months and a and b constant.the postoperative thrombus volume. This function
In reality, many TVol versus time curves show aassumes a constant absolute change in thrombus vol-
plateau before the actual shrinkage starts. This phe-ume per interval, irrespective of the initial thrombus
nomenon can be incorporated into the above-volume.
mentioned fit functions by introducing a so-called lagIf the clearance is considered to follow an ex-
time tp. The thrombus volume stays at the level of V0ponential function, the thrombus clearance curve can
(the postoperative thrombus volume) until t=tp. Thebe approximated by the following equation:
fit functions with the lag time for all three kinds of
decay are shown in Figure 1.TVol (t)=V0·e−b·t,
To test whether our experimental data can be de-
scribed by any of the abovementioned functions, thein which e is the base of the natural logarithm and b
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Table 1. Number of good fits for each model with 95% confidence
interval.
Model Number of good 95% confidence
fits (%) interval
Linear 6 (21%) 10–38%
Exponential 12 (41%) 26–59%
Logarithmic 11 (38%) 23–56%
LinLag 13 (45%) 28–63%
ExpLag 16 (55%) 38–72%
LogLag 27 (93%) 78–98%
functions were fit to the thrombus volume obtained
from measurements at discharge and after 6, 12, and
24 months. Iterative least squares fit procedures were
Fig. 2. Example of fitted curves with lag time for one patient.performed using Gnuplot v. 3.5 for Unix (Marquardt-
Levenberg algorithm). The correlation coefficient was
better. Nine fitted curves had a lag time longer thanused to determine the association among the calculated
zero (median 130.7 days, range 27.4–243.2).and measured values. A correlation coefficient
The linear model with lag time (LinLag model)(R2)>0.95 was considered to be a good fit. For each
yielded a good fit for only six patients. In one of thesemodel, the 95% confidence interval for the number of
patients, the LinLag model produced a better fit thangood fits was calculated.
the other two models with a lag time. Figure 2 shows
an example in which the three functions with lag time
for one patient are plotted.
Results In the models without a lag time, six patients could
be fitted using a linear model (Lin model), 12 patients
The median (range) postoperative thrombus volume using an exponential model (Exp model) and 11 using
was 104 ml (28–253), the median (range) 6, 12, and 24 a logarithmic model (Log model). The Lin and Exp
month thrombus volumes were 78 ml (16–252), 49 ml models never gave a better fit than their equivalents
(14–252) and 40 ml (9–212) respectively. In Table 1, the with a lag time. The Log model, however, produced
number of good fits is shown for each model. From the best fit of all models in 5 patients. Figure 3 depicts
the 29 patients, the TVol versus time curves of two the cumulative distribution of the correlation co-
patients could not be described by any of the proposed efficient of the six models.
models. In the first patient the aneurysm volume
had decreased to 33% of the postoperative thrombus
volume after 12 months, but the thrombus volume
showed an increase after 24 months. The other patient Discussion
had a calculated lag time of more than 12 months.
Since only 2-year data were used, there was only one In this study, an attempt has been made to describe
the thrombus volume versus time curves after EARdata point (24 months) left for the fit of the declining
function. This makes the fit rather unreliable. A log- by a mathematical model. Three models – linear, ex-
ponential and logarithmic – were fitted to experimentalarithmic model allowing a lag time (LogLag model)
appeared to be the best model (see Table 1). Twenty- data. Each model was tested both with and without a
lag time, since it is conceivable that the shrinkageseven TVol versus time curves could be fitted to this
model with a correlation coefficient (R2)>0.95 (median process of an abdominal aortic aneurysm after EAR
often does not start immediately after the operation.0.99, range 0.95–1.00). Twenty-two of these fitted
curves had a lag time (median 63.4 days, range 5.8– Several studies have been published that focused
on the shrinkage process after EAR. Rhee et al.3 studied252.3).
Using the exponential model with a lag time (ExpLag the shrinking process in patients also treated with the
Ancure device. They found that shrinkage of the AAAmodel) resulted in a good fit for 16 patients (R2: median
0.99, range 0.95–1.00). The data of all these patients sac can be demonstrated as early as 6 months after
implantation and continues up to 2 years. Their datacould also be fitted well to the LogLag model; in three
cases, the ExpLag model was better than the LogLag suggest that the maximal aneurysm diameter shows
a linear decline. There are several limitations of thismodel. In the 13 other cases, the LogLag model fitted
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Fig. 3. (a) Cumulative distribution of correlation coefficients of the functions without lag time. (b) Cumulative distribution of correlation
coefficients of the functions with lag time.
study. First, a relatively large number of EAR pro- measurements to detect shrinkage after EAR. Patients
treated with the Talent device were found to showcedures were included, but the analysis was not based
on longitudinal data. Second, the mean shrinkage per continuing significant decrease in aneurysm volume.
In this study, it was also found that volume meas-time interval was averaged for all patients. We focused
on individual shrinking patterns. As a consequence, urements are more sensitive to size changes. However,
this study was not based on longitudinal data and thechanges in endografting practice such as a shifting of
the indication for AAA surgery to larger diameters, number of patients available for mid-term analysis
was small. Furthermore, shrinking patterns were notmay preclude valid interpretation of the shrinkage
process. Our study is a true longitudinal analysis of the studied.
From the results obtained in our study, we concludeindividual shrinking patterns of 29 patients. Finally, in
Rhee’s study changes in maximal aneurysm diameter that the process of shrinkage of the thrombus volume
cannot be described by a linear function in mostwere used to detect shrinkage, whereas volume meas-
urements have been shown to be more sensitive to patients. It is conceivable that the excluded sac shrinks
on the basis of a lytic process. In such a process thechanges in the sac size.6,7
Wolf et al. reported a weak linear change in maximal rate of shrinkage at a certain time t is proportional to
the volume at that time and the TVol versus timeaneurysm diameter in time for patients without an
endoleak.9 In this study 55 patients were included, curves would follow an exponential function. Malina
et al.10 proposed that most of the regression of thealthough only seven of them had a follow up of at
least 2 years. This study had the same limitations as AAA sac occurred in the first year, with minimal
changes thereafter. This would also imply that thethe study by Rhee et al.
In a third study, Singh-Ranger et al. used volume shrinkage pattern of the aneurysm volume is not linear.
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In Malina’s study, no shrinkage after 18 months was Almost all patients with a primary, continued shrink-
age of the aneurysm sac at 2 years of follow-up couldseen. An explanation for this can be that diameter
measurements were used, which are known to miss be described using a logarithmic model in which the
decay starts after a lag time. Using this model, in oversmall decreases in the aneurysm sac.
In our study in about 55% of the included patients, 75% of patients, who ultimately show sac shrinkage,
a lag time to shrinkage could be calculated. In only aa good fit, i.e. with a correlation coefficient over 0.95,
was obtained using an exponential model, and al- small proportion of the patients the shrinking process
started immediately after EAR.lowing for a lag time. We have demonstrated that the
introduction of a lag time in the decay models yields
better fits. This could be explained by the fact that in
many patients delayed closure of the lumbar arteries
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